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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC, and mMTC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. The initial access design is a critical aspect of the NR physical layer design that should ensure forward compatibility to avoid unnecessarily complex or restricted operation of different features/services when they are introduced.    

This document provides an overview of initial access synchronization signal design requirements related to bandwidth and multiplexing.

2 NR Synchronization Signal Design Requirements
During RAN1#87 the following parameters were identified as critical to the design of the NR synchronization signals:

Agreements:
· Companies are encouraged to propose and evaluate following design parameters of NR-PSS/SSS until next meeting

· SS burst set periodicity

· Subcarrier spacing

· Sequence length

· Sequence type

· Number of IDs provided by NR-PSS/SSS

· Resource mapping/multiplexing

· Following target requirements should be taken into account in NR-PSS/SSS design

· Robustness against initial frequency offset up to 5 ppm

· 10 ppm as optional requirement

· Reasonable complexity for NR-PSS/SSS detection

· Good one-shot detection probability at -6 dB received baseband SNR condition with less than 1% false alarm rate
· Companies report detection probability, the residual timing error and frequency error 
· Good detection performance in multi-cell scenario

· Note: for mMTC, different target requirements may be considered

· Following aspects can be considered (not an exhaustive list)

· Low system overhead due to NR-PSS/SSS transmission

· Low PAPR of waveform for possible power boosting transmission

· Multiplexing with other signal/channel for efficient operation

· Utility of NR-PSS/SSS as reference signal for other channels, e.g., PBCH

The following sections discuss the NR initial access synchronization signal design related to minimum required bandwidth and multiplexing with other signals/channels.
2.1 Minimum Bandwidth and Numerology for Initial Access Signals

The bandwidth and numerology used as part of the initial access procedure is one of the critical decisions for NR since it will impact not only the coverage and mobility performance, but will also be mandatory feature for UEs to implement in order to access a NR cell on a given frequency range. 
During RAN1#87 the following agreement was reached regarding the subcarrier spacing(s) to be supported by NR:

Agreements:
· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification
· FFS: Definition of frequency band

· FFS: Subcarrier spacing of NR-PSS and NR-SSS is the same or not

· FFS: CP length

In addition, the following agreement was reached regarding the need to define the minimum bandwidth of the initial access signals:

Agreements:
· The raster for NR synchronization signals can be different per frequency range. At least for frequency ranges where NR supports a wider carrier bandwidth and operation in a wider frequency spectrum (e.g. above 6 GHz), the NR synchronization signals raster can be larger than the 100 kHz raster of LTE. 

· A joint decision should be made on:

· the supported minimum carrier bandwidth for a NR carrier

· the supported bandwidths of synchronization signals for NR

· the frequency raster for synchronization signals for NR

· the frequency raster for the center of NR carrier (if applicable) 
As noted in the agreements the synchronization signal design in frequency is a function of multiple factors including the support subcarrier spacing(s) and supported bandwidth. While different frequency bands may have different available bandwidth (e.g. larger carrier bandwidth may be available above 6GHz than below 6GHz), from a RAN1 specification perspective it should be sufficient to define the relationship between the subcarrier spacing and bandwidth for the NR SS without tying it explicitly to a given frequency band. Any performance requirements related to NR SS detection in a given frequency band can be handled by RAN4.
Proposal 1: The relationship between NR SS bandwidth and subcarrier spacing should be frequency band agnostic from a RAN1 specification perspective.

During RAN1#86bis, the following working assumption was made to assist the evaluation of the NR SS burst design:
Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz
· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz
The main principle for determining the bandwidth should be the ability to scale the design based on subcarrier spacing while still falling within practical minimum channel bandwidth values. Assuming 5MHz as the NR SS burst BW for the reference spacing (e.g. 15kHz) the values for the higher spacings can be scaled linearly (e.g. 40MHz at 120kHz).
Proposal 2:  The NR SS burst bandwidth should scale linearly based on subcarrier spacing with a reference value of 5MHz for 15kHz spacing.

2.2 Multiplexing of Initial Access Signals
The exact mechanism for multiplexing of the initial access signals (e.g. TDM/FDM) can be further studied as it depends on the overall NR design, however it is expected that NR will support very fine granularity of the configuration of the signals at least a slot and possibly a symbol-level. In addition, especially in the case of beamforming applied to the SS burst transmissions, the duration of the SS burst set will depend on the total number of beams supported at the gNB and UE since both transmit and receive beamforming may be utilized. Defining a concept such as a “synchronization” subframe or slot implies an assumption of a fixed number of beams supported by the network. However that is not desirable from a resource efficiency or network flexibility perspective as it precludes the introduction of additional beams or allow multiplexing of other signals/channels (e.g. control and data) with the SS burst set in case fewer beams are required than supported by the fixed configuration. For example, with a multi-stage control channel design for NR, the ePCFICH channel indicating the control channel regions in the DL or UL can be frequency multiplexed in symbols containing a NR SS burst with a fixed offset [2]. 
Proposal 3: The NR SS design should support flexible multiplexing of synchronization signals with other signals/channels and forward compatible introduction of additional SS bursts within a burst set.

Since the total number of resources and the respective transmission periods for initial access signals in the system depends on the specific deployment scenario, it is beneficial that a UE should only need to be aware of the signals required for its own cell discovery and synchronization procedures and the configuration/transmission of additional resources for other purposes (e.g. for IAB) and not intended for the UE is transparent from its perspective. This ensures forward compatibility as well as it simplifies the procedure at a given UE in a system which may support multiple different use cases and functionalities such as IAB simultaneously.  
Proposal 4: A given UE should only need to be configured and aware of the signals required for its own cell discovery and synchronization procedures.
3 Conclusion
This contribution analyzed the requirements for initial access procedures for NR. The following proposals were made:

Proposal 1: The relationship between NR SS bandwidth and subcarrier spacing should be frequency band agnostic from a RAN1 specification perspective.

Proposal 2:  The NR SS burst bandwidth should scale linearly based on subcarrier spacing with a reference value of 5MHz for 15kHz spacing.

Proposal 3: The NR SS design should support flexible multiplexing of synchronization signals with other signals/channels and forward compatible introduction of additional SS bursts within a burst set.

Proposal 4: A given UE should only need to be configured and aware of the signals required for its own cell discovery and synchronization procedures.
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